A membrane filtration technique with commercially available membrane filters (Millipore Corp.) was effective for the removal of Reiter treponemes from liquids such as fluorescent-antibody conjugates, to which the organisms are added for adsorption. Reiter treponemes from an 8-day culture were not microscopically detectable in filtrates through membranes with a pore diameter of 0.45 ,im, but treponemes were demonstrated in the filtrate by cultural methods. No organisms of the 8-day culture passed through a membrane filter having a pore size of 0.22 ,im, as determined by microscopy and culture. Culture data indicated that a filter with a pore size of 0.1 ,um was necessary to prevent passage of treponemes from 4-day cultures. It is recommended that a membrane filter with a pore size of 0.22 ,im or smaller be used for the removal of Reiter treponemes from suspensions and that the age of the culture be considered in choosing filter pore size.
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In syphilis research, much use is made of the Reiter treponeme, a cultivatable, nonpathogenic organism which has antigenic and other similarities to pathogenic Treponema pallidum (10) . Reiter treponemes have been widely used to adsorb fluorescein-conjugated antisera to T. pallidum and to render the antisera more specific for pathogenic treponemes (4, 7, 9) . It is necessary to remove all of the Reiter organisms used for adsorption from the fluorescein-tagged antiserum lest a stray Reiter treponeme in the conjugate be mistaken for a T. pallidum organism in the material being stained.
Although centrifugation and membrane filtration are routinely used at the Venereal Disease Research Laboratory for this purpose (4, 7, 9) , uncertainty exists concerning the ability of certain pore sizes of membrane filters (Millpore Corp., Bedford, Mass.) to remove Reiter treponemes from reagents. In the present study, we used graded filters of known pore size to confirm that filtration through commercially available membrane filters (Millipore Corp.) effectively removes Reiter treponemes from liquids, and we define the filter pore size necessary to accomplish this.
MATERIALS AND METHODS Source of organisms. The Venereal Disease Research Laboratory strain of the Reiter treponeme was cultured in growth medium (6) for 8 days at 35 C. Medium is an enriched thioglycolate broth consisting of 45% spirolate broth (BBL), 45% Brain Heart Infusion broth (BBL) with 0.025% asparagine (Difco grade), 0.025% tryptone (Difco), 0.025% sodium thioglycolate (Nutritional Biochemical Corp.), and 10)% normal rabbit serum inactivated for 30 min at 56 C. The 8-day culture was diluted with phosphate-buffered saline (PBS), pH 7.2, containing 2% Tween 80 (polyoxyethylene sorbitan monooleate) to contain approximately 10 X 107 organisms per ml. This concentration of Reiter treponemes, with an approximate motility of 80 to 90%, was used as the working suspension for filtration and recovery studies. No more than 10 min elapsed before the preparation of this working suspension and its filtration.
Enumeration. Treponemes were counted by a modification (1) of the direct dark-field enumeration procedure of Morgan and Vryonis (8) .
Preparation of equipment. The preparation of materials to minimize the possibility of organisms adhering to glass, rubber, and plastic surfaces has been previously described by Chandler and Clark (3) .
Experimental procedure. Immediately before filtration, the working suspension was mixed for 3 min by repeated pipetting to ensure as much as possible an even distribution of treponemes. Samples (2 ml) of the suspension were aspirated into 2.5-ml plastic syringes. Each syringe was attached to a Swinnex-25 filter assembly containing a 25-mm white, plain membrane filter (Millipore Corp. Each of the eight filtrates was thoroughly mixed, and the number of organisms was determined by preparing 10 slides from each filtrate and counting the treponemes in two groups of 50 random microscopic fields on each slide (1) .
To increase the chance of visualizing treponemes in low concentrations, smears 1 cm in diameter were also made by using 0.01 ml of filtrate. The smears were air-dried, fixed for 10 min in acetone, coverslipped, and systematically examined by dark-field microscopy (2). Five slides each of the 0.22-and 0.45-pm filtrates were examined by this method.
In another experiment, 0.10-, 0.22-, and 0.45-pum filtrates plus controls were examined for viable treponemal forms by cultural methods. The Reiter suspension to be filtered was taken from the 8-day culture and adjusted with growth medium AT-55 (6) to contain approximately 10 X 107 organisms per ml. Twenty subcultures were made of the treponemal suspension and of each of the filtrates by adding 0.1 ml of filtrate to 4.5 ml of AT-55 medium plus 0.1% agar. Eighty tubes were inoculated and followed for 14 days while being periodically examined by darkfield microscopy for the presence of motile treponemes.
RESULTS
The principal microscopic results are summarized in Table 1 , and the cultural results are summarized in Table 2 . No Reiter treponemes were seen in the 0.22-or the 0.45-,um filtrates by either of the two microscopic methods. However, treponemes were demonstrated in the 0.45-Am filtrate by culture. DISCUSSION This study confirms and extends the observation that filtration through a commercially available membrane filter having a pore size of 0.22 Am can effectively remove Reiter treponemes from liquids. Based on microscopic criteria alone, the filtrate of the 0.45-,m filter appeared to contain no Reiter organisms, but in all of 20 instances cultures of such filtrates revealed Reiter treponemes. This finding is most probably due to the greater sensitivity of culture as compared to dark-field examination. However, we also wish to point out that there has been speculation that treponemes have life cycles during which they may exist in nonspiral or submicroscopic forms, and our data would be compatible with filtration of some such forms that, on subsequent culture, yield organisms with typical morphology.
For 8-day Reiter cultures, those routinely used for adsorption at the Venereal Disease Research Laboratory, our results indicate that a filter with a pore size of 0.22 um or smaller should be used. Supporting the use of a smaller pore size is an observation we made on the filtration of 4-day cultures. Of 20 4-day cultures of Reiter treponeme which were filtered and the filtrates were tested by culture, the 0.45-,um filter yielded 20 positive results and the 0.22-,um filter yielded 16 positive results, but no positive results were obtained with filtrates of the 0.1-,um filter. These data are consistent with the possibility that Reiter organisms are larger in older cultures.
In the present study of Reiter treponemes, we observed a phenomenon we had seen in our previous study of filterability of T. pallidum through membrane filters (3); filtration was not an "all or none" event at pore sizes above 0.22 gim. Possible reasons for this phenomenon were discussed in the previous report.
Comparing the filtration data in our previous report (3) to the present data also sheds light on the size of the Reiter treponeme as compared VOL. 20, 1970 CHANDLER AND CLARK to T. pallidum. At 8.0, 5.0, and 3.0 gm, and to a lesser extent at 1.2 and 0.65 ,m, filterability of motile T. pallidum was considerably greater than that of Reiter organisms. This is consistent with the report of Gelperin (5) that Reiter treponemes are one and one-half to three times as thick and two to four times as long as T. pallidum.
